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Indian Standard 

SPECIFICATION FOR 

MONOCRYSTALLINE SEMICONDUCTOR 

RECTIFIER ASSEMBLIES AND EQUIPMENT 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 7 February 1968, after the draft finalized by the Power Converters 
Sectional Committee had been approved by the Electrotechnical Division 
Council. 

0*2 This standard has been prepared with the object of laying down the 
performance requirements and testing procedures for the rectifier assemblies 
and equipment making use of monocrystalline semiconductor cells and 
stacks. These cells and stacks have been covered by IS : 3895=1966*. 

0.3 In the preparation of this standard, assistance has been derived from 
the following: 

IEC Publication No. 1 46- 1 963 Monocrystalline semiconductor 
rectifier cells, stacks, assemblies and equipments. International 
Electrotechnical Commission. 

Draft British Standard Specification for Monocrystalline semiconduc- 
tor rectifiers for industrial power purposes including cells, stacks, 
assemblies and equipments — Document No. 66/9222. British 
Standards Institution. 

0.4 This standard contains- clauses which call for agreement between the 
purchaser and the supplier or which permit the purchaser to use his option 
for selection to suit his requirements or which require the purchaser to 
supply certain technical information at the time of placing orders. The 
relevant clauses are 2.1.3.6, 4.1, 4.2, 4.3, 6.2.1, 6.3.1.3, 6.3.2.1, 6.3.3.1, 
6.4.4.2, 6.4.5, 6.5.1.3 and 6.8.8. 

0.5 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test, shall be rounded off in accordance with IS : 2-,1960f. 
The number of significant places retained in the rounded off value should 
be the same as that of the specified value in this standard. 

♦Specification for monocrystalline semiconductor rectifier cells and stacks. 
fRuIes for rounding off numerical values ( revised ) . 
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1. SCOPE 

1 .1 This standard applies to monocrystalline rectifier assemblies and 
equipment for supplying dc power from ac sources at frequencies up to 
2 000 c/s and for dc power for voltages not exceeding 5 000 V. 

1.1.1 In so far as it is applicable this standard relates also to controlled 
semiconductor devices having trigger characteristics. More detailed 
treatment of controlled semiconductor devices ( that is, thyristors ) would 
be dealt with in a separate standard. 

1.2 It does not apply to telecommunication rectifiers other than those for 
power supplied to such apparatus, nor to rectifiers used as auxiliaries to 
measuring instruments. Further, it does not apply to rectifiers based on 
polycrystalline semiconductor materials. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall apply 
in addition to the terms already defined in IS : 3895-1966*. 

2.1 Ratings 

2.1.1 Rating — A statement of the capabilities under the service condi- 
tions of this standard, as assigned to the equipment by the manufacturer. 

2*1.2 Rectifier Transformer 

2.1.2.1 Rated frequency — The frequency at which the rectifier transfor- 
mer is designed to operate. 

2.1*2.2 Rated voltage of line winding — The rms voltage between lines 
on the line side of the transformer, specified as the basis of rating. If the 
line winding is provided with tappings, the rated voltage of the line 
winding shall refer to a specified tapping, which is designated as the 
principal ( rated ) tapping. 

2*1*2.3 Rated current on line side — The rms current of the line terminals 
of the transformer. For polyphase equipment this is to be computed from 
rated direct current on the basis of rectangular-shaped rectifier arm 
currents. For single-phase equipment the basis of calculation is to be that 
of sine wave unless otherwise agreed between the purchaser and the 
supplier. 

Note — In the case of polyphase equipment the use of rectangular-shaped rectifier 
current provides a simple and approximately correct allowance for the effect of 
harmonic stray losses in the transformer and connections. The reason for not similarly 
using rectangular-shaped rectifier currents as the basis in the single-phase case is that it 
may result in a negative allowance for harmonic stray losses. 



♦Specification for monocrystalline semiconductor rectifier cells and stacks. 
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2.1.2.4 Rated current on cell side — The rms current in each terminal of 
the transformer on the cell side. For polyphase equipment this is to be 
computed from rated direct current on the basis of rectangular-shaped 
rectifier arm currents. For single-phase equipment the basis of calculation 
is to be agreed between the purchaser and the supplier. 

2.1.2.5 Rated kVA of line side winding — The total apparent power 
expressed in kVA at the line terminals, at rated frequency, rated line 
voltage and at rated line current, computed in accordance with 2.1,2.3. 

2.1.3 Rectifier Assemblies and Equipments 

2.1.3.1 Rated output — The product of the rated direct voltage and the 
rated direct current, which the equipment delivers under the specified duty 
cycle in the conditions stated in this standard and within the operating 
limitations assigned to it by the manufacturer. 

2.1.3.2 Rated direct current — The direct current specified as the basis 
of rating. It is the arithmetic mean value of the waveform of the direct 
current which the rectifier equipment or assembly is capable of carrying 
under the specified duty cycle and service conditions. 

2.1.3.3 Rated direct voltage — The direct voltage specified as the basis 
of rating. It is the arithmetic mean value of the voltage between dc 
terminals of the rectifier equipment or assembly at rated direct current. 

2.1.3.4 Rated current in the middle wire of 3-wire equipment — The direct 
current specified as the basis of the out-of balance rating. It is the arith- 
metic mean value of the direct current which the 3-wire rectifier equipment 
or assembly is capable of carrying in the middle wire under the specified 
service conditions. The middle wire may carry its full rated current when 
the current in the more heavily loaded outer is equal to or less than its 
rated value. 

2.1.3.5 Rated input voltage — The rms value of the voltage between 
lines of the ac circuit from t which the equipment or assembly is to operate 
and on which the declared performance is to be based. 

2.1*3.6 Rated input current — The rms value of the alternating current 
drawn from the ac supply at rated direct current. For polyphase equip- 
ment this is computed from the rated direct current on the basis of 
rectangular-shaped rectifier arm currents. For signle-phase equipment 
the basis of calculation is that agreed between the purchaser and the 
manufacturer. 

2.2 Transformer Windings 

2.2.1 Line Windings — The windings which are connected to the ac 
supply. 
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2*2.2 Cell Windings — The windings which are connected to the rectifier 
cells of a rectifier assembly. 

2.3 Equipment Performance 

2.3.1 Conversion Efficiency — The ratio of the product of the average value 
of dc voltage and direct current to the input active power on the ac side. 
( Expressed in this way the maximum efficiency for the single-phase bridge 
connection on resistance load with sinusoidal supply is 0*81 ). 

2.3.2 Power Efficiency — The ratio between the output power ( as 
measured by a wattmeter ) on the dc side and the input active power on 
the ac side. 

Note — In cases where the pulse number and the inductance in the dc circuit are 
both small, the ' Conversion efficiency ' is appreciably less than the * Power efficiency ' 
( which corresponds to the losses in the rectifier equipment ) by an amount that 
depends on the character of the load. 

In most practical cases, where efficiency is important, this discrepancy is negligible 
as the pulse number is 6 or more, or there is considerable inductance in the dc circuit. 

However the ' Power efficiency * as defined above avoids these ambiguities as it is 
practically independent of factors outside the rectifier equipment and always corres- 
ponds to the losses in the rectifier equipment. It is for this reason that the term 
* efficiency ' in this standard refers to the 'Power efficiency \ 

2.3.3 Total Power Factor A 

- __ Active power 
Apparent power 

2.3.4 Power Factor of Fundamental Wave or Displacement Factor ( Cos ^ ) 

p , _ Active power of the fundamental wave 
Apparent power of the fundamental wave 

2.3.5 Distortion Factor (v) 



cos <f> 



2.4 Voltage Regulation 

2.4.1 dc Output Voltage /Current Characteristic — The relation between the 
average values of direct voltage and direct current of a rectifier equipment 
as expressed by a curve, for a given alternating voltage, frequency of 
supply and for a specified character of load. An example is given in 
Fig. 1. 

2.4.2 Conventional No-Load Voltage — The value of direct voltage which 
would be obtained by extrapolating the dc output voltage /current 
characteristic back to zero current (see Fig. 1 ), 
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Fig. 1 dc Output Voltage/Current Characteristic 

2.4.3 Ideal No-Load dc Voltage — The ideal no-load dc voltage of a 
rectifier assuming no reduction by phase control, no voltage drop in the 
cells and no voltage rise at ^mall loads. This is obtained from the phase 
to neutral voltage U vot the commutating number q and the number of 
series connected commutating groups, s y or from the voltage between any 
two plases of the cell winding Lty , and from the angle $ between these two 
phases by the formula: 



U di0 = V 2 U Vl 



as . tz . — __ as 

sm~ = V2 0*>*b- 



7T 



2*' 



sin. 



sin 



2.4.4 dc Voltage Regulation — The difference between the direct voltage at 
rated current and the conventional no-load voltage ( see Fig. 1 ) expressed 
in volts, when the rms voltage remains constant at the line terminals of 
the rectifier equipment. 

Note — The nature of the dc load circuit (for example capacitors, back-emf- 
load ) may affect the voltage regulation and where this is so, special consideration may 
be required. 
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2.4.5 Inherent Voltage Regulation — The voltage regulation, excluding the 
effect of ac system impedance and the correcting effect of the automatic 
voltage regulator, if used. 

2.4.6 Total Voltage Regulation — The voltage regulation including the 
effect of the ac system impedance where specified but excluding the correcting 
effect of the automatic voltage regulators, if used. 

2.4.7 Corrected Voltage Regulation — The voltage regulation when an 
automatic regulator is used. The influence on dc voltage of other factors 
than load changes is to be excluded. 

2.4.8 Deviation in Automatic Control — Half the difference between the 
highest and lowest values of the dc output voltage, and wirtten with a ± 
sign. The deviation shall be stated for a specific range of factors which 
may have influence on this, such as variations in load, input ac voltage, 
temperature, etc. 

2.5 Tests 

2.5.1 Type Tests — Tests carried out to prove conformity with the 
requirements of this specification. These are intended to prove the 
general qualities and design of a given type of monocrystalline rectifier 
assembly and equipment. 

2.5.2 Routine Tests — Tests carried out on each monocrystalline rectifier 
assembly and equipment to check requirements likely to vary during 
production. 

3. INPUT VOLTAGE 

3.1 Waveform 

3.1.1 The input alternating voltage shall be sinusoidal at the ac 
terminals of the rectifier equipment, when the equipment is disconnected. 

3.1.2 The waveform of the input voltage shall be considered sinusoidal 
if the largest deviation (a — b) in Fig. 2, from the simultaneous value b 
of the fundamental wave, does not exceed 5 per cent of the peak value c of 
the fundamental wave, that is 

( a - b ) ^ 0*05 c 

For 12-phase rectifier without automatic asymmetry correction, this 
limit shall be reduced to 2*5 percent, that is 

( d - b ) <> 0-025 c 

3.2 ac System Impedance — For rectifier equipment when the effect of 
ac system impedance may be significant clauses 6.3.4, 6.3.5, 6.3.6 

and 6.3.7 relating to the influence of the ac system impedance, shall 
apply. 

8 
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Fig. 2 Waveform for Alternating Voltage 



3.3 Symmetry ( For Polyphase System ) 

3.3.1 In the case of polyphase systems the input voltage shall be 
symmetrical. 

3.3.2 The voltage shall be considered symmetrical, if neither the 
negative sequence nor the zero sequence component exceeds 5 percent of 
the positive sequence component. 

3.3.3 If a polyphase system is not perfectly symmetrical but is within 
the limits of 3.3.2, the arithmetic mean value of all phase-to-phase voltages 
shall be taken as the line voltage. 

3.4 Voltage and Frequency Variations 

3.4.1 Assemblies and equipment shall be capable of temporary opera- 
tion with an input voltage up to 110 percent of rated input voltage and a 
frequency not less than 95 percent of rated frequency, provided that a 
decrease in frequency does not coincide with an increase in voltage. When 
ac voltage between 100 and 110 percent of rated values is applied^ rated 
current or rated power or both shall be not exceeded. 

Note — Variations in the ac supply voltage, within the above limits, will give rise 
to a similar variation in the dc output voltage, unless compensating measures are taken. 

4. SERVICE AND INSTALLATION CONDITIONS 

4.1 Normal and unusual service and installation conditions are given in 
Appendix A. The unusual conditions given in Appendix A, if existing, 
shall be subject to agreement between the purchaser and the supplier. 
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4.2 Cooling Medium Temperatures 

4.2.1 The temperatures specified for the rectifier stacks and for the 
rectifier transformers may differ from one another. The values of cooling 
medium temperature relating to transformer are given in IS : 2026-1962* 
and those relating to the cells and stacks are given below: 

a) In every case, the ambient temperature or cooling medium 
temperature shall be specified by the purchaser or, failing this, by the 
manufacturer in his tender. It is in the interest of the purchaser to specify 
for each as low a maximum temperature as the local climatic conditions 
will permit. These temperatures shall preferably be specified in 5 degree 
increments and those commonly used are listed below: 

a) For air —maximum 25°, 30°, 35°, 40°, 45°G etc. 

b) For water — maximum 15°, 20°, 25°, 30°, 35°G etc. 

Note 1 — If the cooling air used is not the same as the ambient air, separate 
temperature limits shall be specified for each. 

Note 2 — If the cooling air is the same as the ambient air, the same limits shall 
apply to both. 

Note 3 — For various cooling methods and temperatures definitions reference may 
be made to 2.4 of IS : 3895-1966f. 

4.3 Character of Load — As it may effect the performance characteris- 
tics of a rectifier equipment, the character of the load shall always be 
specified, for example resistive load, inductive load, counter emf load, 
regenerative load, etc. 

5. TRANSFORMERS AND REACTORS 

5*1 General 

5.1.1 This standard covers only those characteristics in which rectifier 
transformers differ from ordinary power transformers. In other respects 
the transformers shall conform to IS : 2026-1962*, as far as they are not in 
contradiction with the requirements of this standard. 

Note — It should be borne in mind, that a rectifier transformer operates with non- 
sinusoidal current waveshape. In single-way connection the current in each cell 
winding contains a dc component which calls for special attention in design and testing. 
In some cases special design is necessary when external short circuit and cell failures 
would cause abnormal stress. 

5.1.2 The rating of the rectifier transformers shall correspond to the 
rating of the associated rectifiers assembly. 

5.2 Temperature Rise — The limits of temperature rise shall be in 
accordance with Table 3 and with the corrections given in Appendix B. 

♦Specification for power transformers. 

| Specification for monocrystalline semiconductor rectifier cells and stacks. 

10 
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The limits given in Table 3 relate to the service conditions which are 
specified in IS ; 2026-1962*. 

5 3 Marking 

5.3.1 Every transformer and reactor, unless forming part of a rectifier 
equipment delivered as a mechanically assembled unit, shall bear the 
words c Rectifier Transformer ' or ' Reactor \ It shall bear a rating plate 
which shall give in clear and durable characters the following information 
in addition to the manufacturer's name, serial number, year of manufac- 
ture and designation of type: 

a) R-ated dc voltage; 

b) Rated direct current; 

c) Rating class, if any ( 6,2 ) ; 

d) Number of phases m : line side/cell; 

e) Rated frequency; 

f ) Resistive dc voltage drop ( 6.3.3.2 ); 

g) Inductive dc voitage drop ( 6.3*3.4 ); 

h) Weight of core and winding assembly in kg; 
j) Weight of the tank; 
k) Volume or weight of liquid; 
m) Connection; 
n) Rated voltage line winding; 
p) Rated voltage cell winding; 
q) Rated current on line side; 
r) Rated current on cell side; and 
s) Temperature rise ( Table 3 ) . 
Note — In the case of outputs below 100 kW, a simplified rating plate is permissible 

5.3.2 Assemblies and equipment may also be marked with Standard 
Mark. 

5*3.2.1 The use of the Standard Mark is governed by the provisions of the 
Bureau of Indian Standards Act, 1986 and the Rules and Regulations made 
thereunder. The details of conditions under which the licence for the use of 
Standard Mark may be granted to manufacturers or producers may be obtained 
from the Bureau of Indian Standards. 



♦Specification for power transformers. 
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5.4 Tests 

5.4.0 Tests given in IS : 2026-1962* shall be applied to rectifier transfor- 
mers with the modifications given in 5.4.1 to 5.4.4, 

5.4.1 Commatating Reactance Test — This test is applicable to the rectifier 
transformers and shall be carried out as a type test. 

For connections 2, 3, 5, 9, 10 and 1 1 the commutation reactance may 
be determined from a three-phase short-circuit test according to Table 1 . 

For connections 1, 4, 6 and 12 and any other connection, not listed 
in Table 1, the commutating reactance shall be determined as described 
below. 

A single-phase short-circuit test shall be used to obtain the commuta- 
ting reactance and, if required, the inductive dc voltage drop. In this 
test all line terminals of the transformer are short-circuited and an 
alternating current of rated frequency and of magnitude 0"354 I di jg is fed 
through two consecutive ( commutating ) phases on the cell side. In the 
formula, I di is the rated direct current and g is the number of commutating 
groups among which I di is divided. All windings on the cell side whose 
commutations coincide with these two phases, shall be connected in 
parallel during the test. 

The reactive component of the input voltage, expressed as a 
percentage of the rated voltage between the two terminals, gives the 
commutating reactance from which the reactive voltage drop, due to the 
transformer, may be calculated. 

5.4.2 Losses and Voltage Drops in Transformers and Reactors 

5.4.2.1 No-load {no-load losses and no-load current) test — The no-load 
losses shall be measured as in IS : 2026-1962* at rated voltage and rated 
frequency. The core loss of transformers which have a non-sinusoidal 
wave-shape of the normal operating voltage shall be determined by 
applying a sinusoidal voltage having the same arithmetic mean value and 
the same fundamental frequency as that of the applied voltage in service. 

5.4.2.2 Measurement of losses in the windings (load losses ) — The losses 
in the windings which appear under normal service conditions are compos- 
ed of the losses in winding resistance as measured by dc and the additional 
losses (depending on frequency) caused by eddy currents. Due to the 
harmonics, the actual losses in the windings would require to be measured 
with the transformer in normal operation with the rectifier assembly. This 
method of measurement cannot be recommended as it is too complicated 
and inaccurate. Therefore, the losses in the windings are to be computed 



♦Specification for po-vver transformers. 
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from the result of short-circuit measurement carried out with sinusoidal 
currents. The method is based on the use of sinusoidal currents in the 
winding having the same rms values as those which would exist in 
operation with the rectifier assembly if the overlap was disregarded. This 
holds for double-way transformers. For single-way transformers, 
see Table 1 . 

Owing to the fact that the rms values of the currents during normal 
operation with the rectifier assembly are somewhat smaller than those in 
the test, a positive error is encountered. This positive error is assumed to 
be compensated for by the negative error resulting from the fact that the 
additional stray losses caused by the harmonics in operation with the 
rectifier assembly are disregarded. 

If not otherwise specified, the guaranteed losses in the windings refer 
to operation on the principle tap of the winding. 

Table 1 indicates, for some of the most commonly used connections, 
the short-circuit connections to be made for tests A, B and C respectively. 

Short-circuit tests — For each short-circuit test A y B and C respectively, 
rated line side current of rated frequency is to be fed into all line side 
terminals, with the cell side terminals short-circuited as indicated in 
Table i. The power inputs shall be measured in the short-circuit tests 
A, B r C and are designated P A , P B , P c » respectively. The total losses in 
the windings are then calculated by the formulae given in Table 1 . 

5.4.2.3 Losses in interphase transformers^ current balancing reactors, series 
smoothing reactors, transductors and curreni regulating reactors 

a) Interphase transformers — The manufacturer shall state the 
calculated iron loss at rated current, rated voltage and specified 
amount of phase control. 

The losses in the winding are to be calculated as the product 
of the dc resistance and the square of the direct\ current in the 
winding. 

b) Current balancing reactors — The iron losses in current balancing 
reactors are by convention to be ignored. 

The losses in the winding are to be calculated as the product 
of the dc measured resistance and the square of the rms current 
in the winding, calculated on the basis of rectangular shaped 
current waveform. 

c) Series smoothing reactor — The iron losses are, by convention, to be 
ignored. 

The losses in the winding are to be calculated as the product 
of the dc resistance and the square of the direct current in the 
winding. 

13 
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d) Transducers and current regulating reactors — The iron losses shall be 
calculated at rated current and rated voltage. 

The losses in the power winding shall be calculated as the product 
of the dc measured resistance and the square of the rms current 
in the winding, calculated on the basis of ideal current waveform 
( ignoring stray inductances ). When the power winding consists 
of heavy conductors, the eddy current losses should be estimated 
by calculation and added. 

5.4.3 Temperature Rise Test for Main and Interphase Transformers to Rating 
Class G ( see 6.2 ) — The following values shall be determined from the 
specified loads or from the specified load cycle ( if any ) 9 whichever be the 
more onerous: 

I A = rms value of the current over the most onerous period of 10 
hours in the case of oil-immersed transformers ,or of 5 hours in 
the case of air-cooled transformers; 

I B = rms value over the most onerous period of \ hour. 

From these values, a factor F is to be determined from Table 2. The 
equivalent continuous rating of the transformer is then equal to the 
product I x X F. 

The transformer temperature rise, corresponding to steady application 
of the equivalent continuous rating, shall be determined in accordance 
with IS: 2026-1962*. 

5.4.4 Insulation ( Separate Source Voltage Withstand ) Test — The following 
test voltages are to be applied -unless the values given are lower than those 
specified in IS : 2026-1962* in which case the latter values shall be applied. 

a) Main transformers — As for power transformers. 

b) Interphase transformers and current balancing reactors — As for power 
transformers of appropriate type and with the same voltage class 
as that of the cell winding of the main transformer. However, 
if the interphase transformer or the current balancing reactors 
are connected to the dc end of the rectifying elements and are of 
dry type the same test voltage as for the rectifier stacks shall 
apply. ( See IS : 3895-19661 ). 

c) Series smoothing reactors — Same as for the rectifier stacks 
( see IS : 3895-1966t ) J However, if the reactor is oil-immersed 
in the same tank as the main transformer, the test voltage of the 
cell winding of this transformer shall apply. 



♦Specification for power transformers. 

tSpecification for monocrystalline semiconductor rectifier cells and stacks. 
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Num- 
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Connections in Vector Representation 

-A 



Line Side 



(2) 



Cell Side 



(3) 



UvoJ 



H 



TABLE 1 CONNECTIONS 
SINGLE WAY 



Id 

Line Side 

Current 

Factor 

(see Note 1 ) 

(4) 



Tests : Terminals to be 
Short-Circuited 



(5) 
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k = the quotient of the sum of the losses in the cell windings divided by the lpsses in line winding in the short-circuit test, as determined from the ohmic resistances of the 
windings. 
Note I — Line side current factor — The rms value // of the line side current per ampere of direct current I di is indicated in the above Table 1, on the basis of the 
following voltage ratios and on the assumption of smooth direct current : 

a) For single-way connections: 

Phase-to-phase voltage on line side _ . 
Phase-to-netural voltage on cell side 

b) For double-way connections: 

Phase-to-phase voltage on line side _ . 
Phase- to- phase voltage on cell side 
Note 2 — Ideal no-load dc voltage U di <> — This voltage may be computed from the rated voltage U v0 of the cell winding for the connections given in Table 1 by the factors 

given in the column d ° 



U v0 ' 
Note 3 — The inductive dc voltage drop dxt — For 



*zii 



{see 6.3.3.4). 
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TABLE 2 VALUES OF FACTOR F 
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6. RECTIFIER ASSEMBLIES AND EQUIPMENTS 
6*1 Electrical Connections and Calculation Factors 

6.1.1 Connections — Tattle 1 shows the most commonly used transformer 
connections. The transformer connections 1 to 6 are used together with 
rectifier stacks in single-way connections. The transformer connections 9 
to 12 are used together with rectifier stacks in double-way connections, 
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6.1.2 Calculation Factors 

a) Voltage ratio — Table 1 gives the ratio 

for the different connections 
where 

Uaio == ideal no-load dc voltage, and 

U v0 —transformer cell winding voltage as shown in Table 1. 

This figure is to be used in the calculations according to this 
standard, 

b) Voltage regulation — Table 1 gives the ratio 

6x1 
for the different connections 

where 

dxti = tne dc voltage regulation at rated load, due to the 

transformer reactance, and expressed as a percentage 

of ideal no-load dc voltage, and 

e xl = the inductive component of the transformer impedance 

voltage at rated load expressed as a percentage of 

nominal ac voltage. s 

This figure is to be used in the calculations according to this 

standard. ( See also 6.3.4. ) 

6.2 Rating Glasses 

6.2*1 In fixing the overloads ( if any ) which a rectifier equipment is to 
be capable of carrying, it shall be borne in mind that the overloads which 
would fit the particular service may not necessarily fit the natural overload 
characteristics of the rectifier assembly or the natural overload 
characteristic of the transformer and associated apparatus, and a compro- 
mise is necessary. This standard, therefore, establishes a number of rating 
classes, which are broadly suitable for the different types of service against 
each class. 

6.2.1.1 Rectifier equipments rated in accordance with this standard 
shall, according to their class, be capable of carrying the loads according 
to Table 3 without injury. Table 3 also gives the maximum permissible 
temperature rise of the transformer windings. 

Note 1 — In rating classes C and F, it should be noted that, although in the rated 
load cycle 100 percent load is permitted for six hours, or three hours respectively, 
before the application of any of the alternative overloads as indicated in 6.2.1, the rms 
value of the load cycle may be maintained at rated direct current for eight hours. 

Note 2 — For the classes C and F, the test condition for the limit of transformer 
winding temperature rise is, after six hours at rated direct current, starting at room 
temperature. 
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TABLE 3 RATING GLASSES 






Rating 
Glass 


Service Conditions, Type of Cooling and 
Insulation Class to be Specified by 
Purchaser to Suit His Requirements 


Test Conditions for 

Limit of Transformer 

Winding Temperature 

Rise Memsured by 

Resistance Method 




Most Suitable 
Applications 


Rated Load Cycle 
of the Rectifier 
Equipment in 

Percent of Rated 
Direct Current 


Type 

of 
Cooling 


Insu- 
lation 

Class 




t » 

Maximum Load 
Allowable 
Temperature 
Rise, °C 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


A 


Electrochemical 
processes 


100% continuous 


Air 
Liquid 


A 
B 
A 


55 
75 
55 


After 
continuous 
load 


B 


Electrochemical 
processes 


100% continuous 
150% 1 min 


Air 
Liquid 


A 
B 
A 


55 

75 
55 


After 
continuous 
load 


C 


Industrial 
service 


100% 6 h 
125% 2 h 
200% 10 s 


Air 
Liquid 


A 
B 

A 


40 
55 
55 


After 6 h 

After 
continuous 
load 100% 


D 


Industrial 
seryice 


100% continuous 
125% 2 h 
200% 10 s 


Liquid 


A 


55 


After 

continuous 
load 


E 


Medium 
traction and 
mining 


100% continuous 
150% 2 h 
200% 1 min 


Air 

Liquid 


A 
B 
A 


35 
50 
50 


After 

continuous 
load 


F 


Heavy traction 


100% 3 h 
150% 2 h 
300% 1 min 


Air 
Liquid 


A 
B 
A 


30 
45 
50 


After 6 h 
at 100% 


G 


Agreed duty 
cycle 


To be agreed bet- 
ween purchaser 
and manufacturer 


Air 
Liquid 


A 
B 
A 


55 

75 
55 


After 
continuous 
load 



6.2.1 .2 Notwithstanding the rating class assigned to the rectifier 
equipment, its constituent rectifier stacks and assemblies shall be capable 
of withstanding accidental overloads within the limits permitted by the 
protective devices as supplied or recommended by the manufacturer. 

6.2*1*3 When the temperature rise of all the parts of the rectifier unit 
is at or below that corresponding to rated value, the unit shall be capable 
of withstanding a momentary over-current of such magnitude and duration 
as is necessary to allow the associated automatic load regulating equipment 
or over-current protection equipment to protect all the parts from injury. 
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6.2.2 Most Suitable Applications 

6.2.2.1 Glasses A and S are intended for operation at rated direct 
current for long periods of service, extending to years, as is the case for 
electrochemical service. 

Classes C and F are intended to meet the needs of those applications 
in which the rms value of load cycle may be maintained at rated direct 
current of the rectifier for 8 hours followed by not more than 70 percent of 
rated direct current for 16 hours during a 24 hour period. 

Classes D and E are intended to meet the needs of those applications 
where the rms value of the load cycle measured over any 24 hour period 
may be maintained at rated direct current of the rectifier for indefinitely 
long periods. 

6.2.3 Load Cycles 

6.2.3.1 For rating classes C and F, currents in excess of rated direct 
current may only be applied separately, each following the reaching of 
temperature conditions which would prevail if the rectifier equipment was 
started at room temperature and then operated at rated direct current for 
the period specified for 100 percent of rated direct current. 

For rating classes, B y D and E, currents in excess of rated direct 
current may only be applied separately, each following the reaching of 
temperature conditions not exceeding the constant temperature conditions 
of continuous operation at 100 percent of rated direct current. 

6.3 Declaration of Losses or Efficiency, Power-Factor and Regulation 

6*3.1 Losses and Efficiency 

6.3.1.1 The efficiency of the rectifier equipment is the ratio of the 
output to the sum of output and the included losses. 

For units not exceeding 100 kW rated output and rated currents not 
exceeding 5 000 A and for single-phase equipment of all sizes, the efficiency 
may be declared in terms of input-output method of measurement or by 
the method of summation of measured losses, at the choice of the 
manufacturer. For all other units, the summation method shall apply as 
follows. 

The overall efficiency includes the losses in all parts of the rectifier 
equipment which are normally in operation ( transformer, reactors and 
cells ) and the power absorbed by additional apparatus which is included. 
If certain of the apparatus incorporated with the equipment is not taken 
into account for the total efficiency, the power absorbed by this shall be 
stated separately; 
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For certain components in the rectifier equipment the following shall 
be considered. 

6.3*1.2 The following losses shall be included when determining the 
efficiency: 

a) The internal losses in the rectifier assembly, such as losses in the 
cells and their connections including losses in fuses, potential 
dividers, current balancing means, capacitor-resistor damping 
circuits and voltage surge diverters. 

b) Losses in transformer, interphase transformer, current limiting 
and balancing reactors between transformer and rectifier assemb- 
lies and the losses of transductors and other current regulating 
reactors, induction regulators, regulating transformers, and the 
losses of main transformers and reactors forming part of the 
rectifier equipment. 

c) Power absorbed by auxiliaries, such as permanently connected 
fans or pumps, amplifiers. 

d) Losses in series smoothing reactors and in wave filters when built 
into the equipment. 

e) Power absorbed by apparatus for reducing the no-load voltage 
rise, if continuously in circuit. 

6*3.1.3 The following losses shall not be included when determining 
the efficiency but shall be stated separately if requested, when the 
apparatus concerned is supplied by the manufacturer of the rectifier 
equipment: 

a) Losses due to the main connections between transformer and 
rectifier assembly, and in the main connections to circuit-breakers, 
isolators, switches and to the load. 

b) Losses in circuit-breakers, isolators, switches and in control gear 
other than the items mentioned in 6.3.1.2 (a) to (e). 

c) Losses due to heating and ventilation of the building and in the 
cooling supply. 

d) Losses due to the loading resistance, if any, for absorbing 
regenerated current from the dc network. 

e) Losses due to auxiliary apparatus which operates only intermit- 
tently. 

f ) Losses in the series smoothing reactor or wave filter or both, when 
mounted separately. 

6*3.1 .4 In any case of doubt whether the losses of a component of 
the rectifier epuipment should be included or not when calculating the 
efficiency, it is to be stated whether the losses in it are included in the 
declared efficiency. 
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6.3.2 Power-Factor 

6.3.2.1 For rectifiers with a pulse number of 6 or more, the total 
power-factor k is of little practical interest; the value which is useful for 
normal purposes is the displacement factor cos <f>. 

For this reason, if a guarantee is required, it shall, unless otherwise 
specified, refer to the displacement factor and to voltages of the ac network 
which are both symmetrical and sinusoidal. 

Declaration of the displacement factor is required only if so agreed 
between the supplier and the purchaser. When required, the displace- 
ment factor shall be determined by calculation from the measured 
reactances and magnetizing current of the components of the equipment 
except that for equipment not exceeding 100 kW rated output and rated 
currents not exceeding 5 000 A the manufacturer may measure the 
displacement factor directly. 

For single-phase equipment exceeding 100 kW rated output, the 
method of determining the displacement factor is to be agreed between the 
purchaser and the supplier. 

6.3.2.2 Saturable reactors, transductors, affect the power-factor, 

voltage drop and ripple voltage of a rectifier in three ways: 

a) Air-core reactance ( at full saturation ) — This merely adds to normal 
commutating impedance, 

b) Magnetization current below saturation knee — This produces the effect 
of phase delay. 

c) Slope of magnetization curve from residual to maximum flux density — 
This produces both the effect of (a) and (b) in varying degrees. 

6.3.3 Inherent and Total Voltage Regulation 

6*3*3.1 The inherent voltage regulation is given by the sum of the dc 
voltage drops produced by the transformer and other parts of the rectifier, 
for example, reactors, etc, plus the change in forward voltage drop with 
load in the rectifier assembly. 

The voltage drops shall refer to the principal tap of the transformer. 

When it is necessary to determine the value of the inherent voltage 
regulation, this shall be calculated according to this clause from the 
resistances and reactances of the components of the equipment measured 
according to this standard except that, for equipment not exceeding 100 kW 
rated output and rated current not exceeding 5 000 A, the voltage regu- 
lation may, if so preferred by the manufacturer, be determined by direct 
measurement in an input-output load test on the equipment. 
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For single-phase equipment exceeding 100 kW rated output, the 
method of determining the inherent voltage regulation is to be agreed bet- 
ween the purchaser and the supplier. 

6.3.3.2 Determination of the resistive voltage drop d rtl due to the main and 
interphase transformer expressed as a percentage of the ideal no-load dc voltage — 
This is calculated by the formula: 

__ Watt losses in transformer windings at rated direct current 
Ttl ~~~ Rated direct current X Ideal no-load dc voltage 

6.3.3.3 Determination of the resistive voltage drop d rbl due to other components 
(for example, series smoothing reactors, ^regulating transformers, line side reactors, 
etc ) expressed as a percentage of the ideal no-load dc voltage — This is calculated 
by: 

__ Watt losses in power windings at rated direct current 
fW ~~ Rated direct current X Ideal no-load dc voltage 



6.3.3.4 Determination of the inductive dc voltage drop d xtl due to the 
transformer — d xa at rated direct current, expressed in percent of the ideal 
no-load dc voltage may, for connections 2, 3, 5, 9, 10 and 11 of Table 1, 
be computed as the product of the factor given in the last column of the 
table and the quantity e xi . This quantity e x i is the reactive component of 
the short-circuit voltage measured at the line side current In by short- 
circuit test A in the case of connections, 2, 9, 10 and 11, and as the mean 
value given by tests A and B in the case of connections 3 and 5 and as 
expressed in percent of the rated voltage of the line winding. For the 
connections enumerated above, this shall be the normal method of 
computing d xU . 

For all other connections, and those connections mentioned in Table 1, 
but not included earlier in the above paragraph, the method described in 
5.4.1 is recommended. In that method d xtl is measured directly. 

6.3.3.5 Determination of the inductive dc voltage drop d xbl due to other 
reactances (for example, regulating transformers, line side reactors, current balancing 
reactors, etc ) — The values of d xU are calculated according to the following 
formulae: 

a) For reactors, transformers, etc, one line-side or with double-way 
connections, for reactors on cell winding side: 



1) For 3-phase ac systems: 

d X Di = 100. \/~^sin 






2) For single-phase ac system: 

4„ = ioo * . h** 

V 2 u n 
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b) For cell side reactors ( arm reactors ) with single-way connections: 



4*i = 100. 



I 2 hi Xi 



b 



z*P u di0 

The symbols used in these formulae have the following meanings: 

X h = reactance per phase of reactor, transformer, etc, in 
ohms 

I bl = rms current in reactor corresponding to rated direct 
current I dU calculated on the basis of rectangular 
current wave form 

U bt = rated phase-to-phase voltage at the reactor, etc 

U di0 = ideal no-load dc voltage 

I di = rated direct current of convertor 

p = pulse number 

q = commutating number 

6.3.3.6 Determination of the total dc voltage drop produced by transformers, 
reactors, etc — The total dc voltage drop at rated current, expressed as a 
percentage of the ideal no-load voltage is given by: 

( d fU + d xU ) + ( d rh i + d xbl ) = d tl + d u 

where 

d n = total dc voltage drop at rated direct current due to main 
and interphase transformer ( if any ) as a percentage of 

U dio \ and 

d hl = total dc voltage drop at rated direct current, due to 
other parts of the convertor, for example, reactors, etc, 
as a percentage of U di0 . 

6.3.4 Influence of ac System Impedance on dc Voltage Regulation of the Con- 
vertor — The load of the convertor may change the rms value and the wave 
form of the ac voltage at its line-side terminals. This influence depends 
upon the pulse number and the ratio of the load on the convertor to the 
short-circuit capacity of the ac system, based upon the impedance of the 
network as seen from the line-side terminals of the convertor. Resonance 
phenomena, which may be caused by the presence of large capacitor banks, 
may result in uncontrollable changes in dc voltage. 

Also when, as assumed in this specificatian, the rms value of the line 
voltage on the ac terminals of the convertor is kept constant, the influence 
of ac reactance on waveform causes an additional voltage drop to appear 
on the dc terminals of the convertor. 

6.3.5 Information to be Given for the Calculation of the Additional dc Voltage 
Regulation Due to ac System Impedance — To enable the manufacturer to 
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calculate the effect of ac system impedance, the purchaser should give the 
ac system data beforethe order. When the system short-circuit capacity 
is given for this purpose, the value given shall correspond to that configur- 
ation of the ac system for which the total voltage regulation is to be 
calculated. 

6.3.5.1 dc voltage regulation when the resistance and reactance of the ac system 
are known — The manufacturer shall indicate the following two values: 

a) The inherent voltage regulation of the convertor; and 

b) The total voltage regulation of the convertor, when the rms value 
of the line-side terminal voltage is kept constant. 

6.3.5.2 dc voltage regulation when the resistance and reactance of the ac system 
are not given by the purchaser — The manufacturer shall indicate the following 
two values: 

a) The inherent voltage regulation of the converter} and 

b) The total voltage regulation of the convertor for constant rms 
voltage on its ac terminals, assuming some finite value of the 
short-circuit capacity of the ac system. 

The manufacturer may, alternatively, draw the purchaser's 
attention to Fig. 3 by which the total voltage regulation can be 
computed for any value of the short-circuit capacity of the ac 
system. 

6.3.6 Calculation of the Additional dc Voltage Regulation Du due to ac System 
Impedance — Fig. 3 gives the additional dc voltage drop d u at rated direct 
current, due to ac system impedance. The corresponding dc regulation 
D LI is : 

100 

6.3.6.1 D u is to be added to the inherent voltage regulation to give 
the total voltage regulation of the convertor. 

6.3.6.2 If not otherwise stated, it is assumed that the rms value of the 
line side terminal voltage of the convertor is kept constant. 

6.3.6.3 Legend to Fig, 3 curves for determination of additional dc voltage drop 
due to ac system impedance 

a) Ordinate: 

d L t — required additional dc voltage drop due to ac system 
impedance expressed in percent of the ideal no-load dc 
voltage, at rated direct current I du when the rms 
voltage on line-side terminal is kept constant. 

b) Abscissa: ^ Q ' /tU 
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Fig. 3 Curves for Determination of Additional dc Voltage 
Drop Due to ac System Impedance at Rated Direct Current 
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where 

Q, = short-circuit capacity of the ac system in VA, based 
on its impedance; 
U di0 = ideal no-load dc voltage, in volts; and 
I d i = rated direct current of the convertor. 

c) Parameters: d xU + d xbl 

where 

d xtt — inductive dc voltage drop at rated direct current I dl 
due to the transformer, in percent of the ideal no-load 
dc voltage; 
d xb i = inductive dc voltage drop at rated direct current F dl 
due to other parts of the convertor, e.g. reactors etc, if 
any, in percent of the ideal no-load dc voltage; 
p = pulse number; and 
oip = inherent delay angle. 

d) Ratio of resistance to reactance of ac system > " ~ « 

e) The inherent delay angle a P in this figure is zero except where 
values of a are indicated. This delay occurs in 12-pulse connections 
in certain p operating conditions, even where no phase control 
is applied. 

6*3,6.4 When using the curves of Fig. 3 for other loads than rated 
load, the actual values of I di d xt and d xb have to be taken to obtain the 
actual drop d L and from this the actual additional regulation D L . That is: 

( d xt + d xb ) = ( d xn + d xbl )~ 

l a\ 

6*3.7 Measurement of the Additional dc Voltage Regulation Due to ac System 
Impedance 

6*3.7.1 A voltmeter on the dc side of the convertor does not indicate 
the inherent voltage regulation but a larger regulation. 

6.3*7*2 The influence of the ac system impedance cannot be measured 
directly by a voltmeter indicating the rms value on the ac side. 

6.3.7*3 The influence of the ac system impedance may be appreciated 
by examination of an oscillographic record of the ac voltage taken when 
the convertor is on load. 

6.3.7.4 While the convertor is operating, the additional dc voltage 
regulation due to the ac system impedance can be measured with sufficient 
approximation by a special measuring circuit using a small rectifier 
connected to the line-side terminals of the convertor, through a transformer, 
if necessary. 
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This small rectifier shall have the same commutating and pulse 
number as the convertor, and the ripples of its dc voltage shall have the 
same relative phase position to the ac network voltage as the ripples of the 
convertor dc voltage. 

The percent change in the output dc voltage of the small rectifier 
during a change of the convertor load represents the percent change in the 
dc voltage of the convertor due to the ac system impedance. 

6.3.8 Corrected Voltage Regulation — If an automatic voltage regulator is 
used, the effect of this regulator shall be declared for specified variations 
of those quantities, the influence of which is to be counteracted. 

6.3.9 ac Components on the dc Side — This clause does not refer to rectifier 
equipment for railway substations. For others, refer 7.5 of IS : 3136-1965*. 

6.4 Performance Requirements 

6.4.1 Rectifier Cells and Stacks — Rectifier cells and stacks used in rectifier 
equipment shall comply with IS : 3895-1966J. 

6.4.2 Transformers, Transducers and Reactors — Transformers, transductors 
and reactors used in rectifier equipment shall comply with 5. 

6.4.3 Auxiliary Apparatus, Other than According to 6.4.1 and 6.4.2 — 

Auxiliary appartus f ed in equipment, such as motors, Control gear, etc, 
shall comply with tho appropriate Indian Standard for the apparatus. 

6.4.4 Parallel Operation of Unregulated Rectifier Assemblies and Equipment 

6.4.4.1 This clause relates to rectifier assemblies for use, where the 
transformer is supplied separately. 

For identical rectifier assemblies forming part of the same equipment 
and operating under similar conditions in parallel, precautions shall be 
taken to ensure that each rectifier assembly operates within its ratings. 

6.4.4.2 The following clauses relate to individual rectifier equipment 
which are required to operate in parallel on the dc side with other sources 
of direct current: 

a) If the rectifier equipment is required to operate in parallel on the 
dc side with other sources of direct current having dissimilar 
characteristics, the requirements for load sharing shall be agreed 
between the purchaser and the supplier. 

b) In the case of identical equipments constructed at the same time 
by the same manufacturer, operating under similar conditions 
and in parallel in the same location, fed by the same ac supply, 
the direct current of each equipment shall not differ by more 

♦Specification for polycrystalline semiconductor rectifier equipment. 

f Specification for monocrystailine semiconductor rectifier cells and stacks, 

30 



IS : 4540 - 1968 

than 10 percent from its correct share at 90 percent of rated load 
( or at such other load as may be agreed between the purchaser 
and the supplier ). At the rated overloads the equipment shall 
be capable of carrying the aggregate rated overload without 
injury to the equipment. 

Note — When in service the continuous, 6-hour, 3-hour or 2-hour rated 
currents should not be exceeded. 

6*4.4.3 This clause relates to the load sharing requirements for a 
number of rectifier equipment forming a comprehensive installation of 
specified aggregate capacity. 

When a group of rectifier equipment, ordered at the same time, is 
required to operate in parallel to supply a load of total specified 
magnitude, the manufacturer shall declare the maximum deviation from 
correct load sharing between individual equipment as a percentage of the 
nominal equipment rating and shall increase the nominal rating of each 
equipment by this same amount and state it on the rating plate of each 
equipment, to ensure that the total specified load may be supplied without 
injury to the most heavily loaded equipment. 

Note — The loads imposed on any one of the individual equipment should not 
exceed the rating assigned to it by the manufacturer. 

6.4.5 Parallel Operation of Regulated Rectifier Equipment — For regulated 
rectifier equipment ( that is, those which are provided with means for 
voltage adjustment ) which are required to operate in parallel on the dc 
side, the requirements for load sharing shall be agreed between the 
purchaser and the supplier. 

6.5 Protection 

6.5.1 Fault Current Protection — A monocrystalline rectifier equipment 
shall be provided with such protective devices as are normal for electrical 
equipment. In addition, the low thermal capacity and high current 
density of the monocrystalline cells make it necessary to introduce special 
protective devices and to co-ordinate the short-time load capacity of the 
cells with the characteristics of the protective devices and the circuit. The 
protective equipment to be used depends on the disturbances to be 
expected, the kind of service of the equipment, economic considerations, 
etc. For the sake of determining the purpose, properties and principles of 
such equipment, the definitions given in this standard should be used. 

6.5.1.1 With regard to over-current protection for monocrystalline 
equipment, the following kinds of faults are recognised: 

a) Cell short circuit — Internal short circuit of a cell due to any cause, 
for example, over-voltage in the reverse direction, over-heating 
or internal weakness. 

Note — A cell failure always begins as a short circuit, but in some cases it 
ends as an interruption. In this connection, only the short circuit interval is 
of interest. 
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b) Complete dc short circuit — A short circuit on the dc side having so 
low an impedance that the current is determined mainly by the 
internal impedance of the equipment and the impedance of the 
ac supply system. 

Note — A complete short circuit may be caused, for example, by a foreign 
object or by an arc-back in a mercury-arc rectifier equipment operating in 
parallel with the semiconductor rectifier equipment, 

c) Inductive dc short circuit — A short circuit on the dc side through an 
inductance large enough to limit the rate-of-rise of the short- 
circuit current significantly. 

Note — ■ Such a short circuit may occur if the short-circuit point is so 
distant from the rectifier equipment that the inductance of the conductors is 
appreciable. 

d) Limited dc short circuit — A short circuit on the dc side where the 
current or duration or both is limited. 

Note — A limited short circuit may occur, for example, when a tool is 
accidentally dropped between the busbars of a big rectifier equipment. The 
short-circuiting object will then be blown away so quickly that no complete 
short circuit will have time to develop. 

e) Branch short circuit — A short circuit in a branch of a dc distribu- 
tion system, fed by the semiconductor rectifier equipment, where 
the branches have separate protective devices, each having 
ratings much lower than the rated current of the rectifier 
equipment. 

Note — A branch short circuit may sometimes give rise to a considerable 
short-circuit current, which is, however, cleared quickly because of the low 
ratings of the protective device of the branch. 

6.5.1.2 Service requirements may be classified under two general 
headings according to the effects resulting from cell failures: 

a) when no interruption or reduction of load is permissible, and 

b) where temporary reduction of load is tolerable. 

In the first case, provision may be required for cell replacement 
under load. 

6.5.1.3 Either the same or independent means may be used to protect 
the equipment against the consequences of a cell failure and against the 
consequences of a dc short circuit. 

The means to be used depend on the requirements of the service the 
kind of short circuit, which might occur, the method to be used for putting 
the equipment into service again, economical evaluation of the safety, the 
cost of protective gear, etc. The purchaser and the supplier shall agree 
on the protection to be adopted. 

32 



IS: 4540 -1968 
6.5.2 Over-voltage Protection 

6.5*2.1 Monocrystalline cells may fail if the reverse voltage applied to 
them, even of a very short duration, exceeds their reverse voltage capability. 
Attention, is, therefore, drawn to the need for co-ordination of the surge 
voltage protection and reverse voltage capability of the cells used. 

6.6 Tolerances on Guarantees 

6.6.1 If guarantees are given, they shall refer to rated conditions. 

6.6.2 When guarantees are made subject to tolerances, the tolerances 
stated below shall apply. When the values are given without tolerances, 
they are maximum or minimum values, as the case may be. 

a) Assembly losses +10 percent of guaranteed value 

b) Losses of transformer and + 10 percent of the total guaranteed 
reactor, if any value 

c) Efficiency of the rectifier Efficiency tolerances corresponding 
equipment to + 10 percent of the total losses 

with a minimum efficiency 
tolerance of — 0*5 percent 

d) Calculated displacement — 0*2 (1 — cos (j> ) 
factor: cos <£ 

e) Inductive dc voltage drop + 10 percent of guaranteed value 
d xtl of the transformer 

f) Inherent voltage regulation + 15 percent of guaranteed regula- 

tion 

g) Measured dc voltage* + ( 1 V + 2 percent of rated dc 

voltage ) 

Note — Items (e), (f) and (g) do not apply to single-phase equipment. 

6.7 Marking 

6.7.1 Assemblies and equipment shall be provided with a rating plate 
marked with the details listed below: 

a) Manufacturer's name or trade-mark; 

b) Rated direct voltage-)-; 

c) Rated direct current!; 



♦For equipment provided with automatic voltage control, the tolerances on dc voltage 
shall be agreed between purchaser and manufacturer at the time of making the contract. 

fFor rating class G, the rated output given shall be accompanied by a statement of 
the duty cycle to which it refers, or from where this information may be obtained, 
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d) Type of load; 

e) Rating class*; 

f) Rated input voltage and number of phases; 

g) Rated input current per phase; 
h) Rated frequency; 

j) Type of connection; 

k) Overall weight including liquid filling, if any, for items above 
100 kg only; 

m) Quantity or weight of liquid filling, if any; 

n) Cooling requirements; 

p) Special operating condition, if anyf ; 

q) Rated current in middle wire, if any; and 

r) Country of manufacture. 

6.7.2 When a rectifier assembly is intended for incorporation in other 
equipment, the plate may be provided loose for attachment in a 
convenient position on that equipment. 

6.7.3 When the equipment comprises two or more units which are 
interconnected, the rating plate shall be fitted on one of the units and 
additional plates fitted to other items, marked with the manufacturer's 
name and the identification reference for the item. 

6.8 Tests 

6.8.1 General 

6.8.1.1 Type tests — The following shall constitute the type tests: 

a) Power losses in rectifier assemblies ( 6.8.2 ); 

b) Power consumption of auxiliaries ( 6.8.3 ); 

c) Equipment reactance ( 6.8.4 ); 

d) Test for transformers, phase shifters, regulating equipment, 
transductors, reactors and saturable reactors ( 6.8.5 ); 

e) Connection checking ( 6*8.6 ); 



*For rating class G, the rated output given shall be accompanied by a statement of 
the duty cycle to which it refers, or from where this information can be obtained. 

fWhen v the rectifier equipment is designed to operate under special conditions, such as 
altitudes above 1 000 m or under ambient temperature conditions, differing from those 
specified in 4.1, these special conditions shall be stated on the rating plate. 
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f) Measurement of voltage regulation ( 6,8.7 )*; 

g) Automatic voltage regulator operation ( 6.8,8 )*; 
h) Efficiency measurement ( 6.8.9 )*; 

j) Measurement of power factor ( 6.8.10 )*; 

k) Temperature rise ( 6.8.11 )*; 

m) Insulation test ( 6.8.12 )*; 

n) Inspection ( 6.8.13 )*; 

p) Auxiliary devices ( 6.8.14 )*; and 

q) Alternating current measurement ( 6.8.15 )*. 

6.8.1.2 Routine tests — The following tests shall be carried out as 
routine tests: 

a) Connection checking ( 6.8.6 ), 

b) Measurement of voltage regulation ( 6*8,7 )*, 

c) Insulation test ( 6.8.12 )*, 

d) Inspection ( 6.8.13 )*, 

e) Auxiliary devices ( 6.8.14 )*, and 

f) Alternating current measurement ( 6.8.15 )*. 

6.8.1.3 Tests on rectifier assemblies and equipment shall normally be 
carried out at rated service conditions. Where this is impossible or 
practically unsuitable, the tests may be carried out under other conditions 
which shall be stated. 

6.8.2 Power Losses in Rectifier Assemblies 

6.8.2.1 When power loss measurements are required, they should be 
carried out as short-circuit measurements on the rectifier assembly at rated 
frequency. Then the losses due to reverse current and voltage are assumed 
to be negligible. When the power losses in voltage divider resistors are 
not to be ignored, they should be evaluated by calculation. 

The following two measurements are made: 

a) The losses P x are measured at rated current I dU 

b) The losses P 2 are measured at the current k. I dl . 

where 

Form factor of forward current in actual service 



Form factor of forward current in the test 



♦These tests are applicable only to rectifier equipmentof 100 kW or less and currents 
not exceeding 5 000 A delivered as mechanically assembled unit. 
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As the current in the test is practically sinusoidal, the following values 
of £ apply to normally used connections: 

Single-phase: k = 1*0 ( practically sinusoidal* waveshape ); 

Three-phase: k = 1*1 ( practially rectangular waveshape with 120° 
duration ) . 

For connections giving other waveshapes, k may be calculated from 
the form factors. 

The value of the losses P in actual service is calculated by means of 
the following formula: 



-(-!.,.)-(„,) 



When the rated current of the rectifier assembly is very high, it may 
be difficult to obtain suitable current transformers. At^ single-way con- 
nections, current transformers cannot be used due to the dc component in 
the current. In those cases a suitable transformer having as low losses as 
possible should be used and the power losses are measured on its line side. 
The values P x and P 2 are then obtained from: 

" 1 ~ MBl *tl 

P — P — P 

where 

P ml and P m2 are the measured powers at the transformer line side 
at direct currents I d and k, I d . 

P tl and P t2 are the transformer losses in these two cases. 

The transformer losses are, for this purpose, measured when the 
transformer is short-circuited on its cell side according to Table 1. 

P f , is measured at a line side current ==_£ 
n k 

P i% is measured at a line side current = I L 

where 

I L is the line side current of the transformer with the rectifier 
assembly in normal operation. 

In double-way connections all cell terminals are short-circuited. In 
single-way connections with two cell windings per phase, one of the 
windings on each phase is short-circuited*)". 

*In practical single-phase high-power applications, such as traction service the wave- 
shape will be practically sinusoidal. At highly inductive loads which, however, seldom 
occur in practice, k is 0*9. 

fOn three-phase star connection all cell side terminals are short-circuited. 
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It is assumed here that the iron losses can be ignored at the short- 
circuit test. When that is not the case, suitable corrections have to be 
applied. 

The losses in conductors between the transformer and the rectifier 
assembly should be included in P n and P t2 . Therefore, the short-curcuits 
at the transformer tests should be applied when those conductors are con- 
nected to the rectifier assembly. 

The losses in the conductor used to short-circuit the rectifier 
assembly should be evaluated by measuring the voltage drop and be sub- 
tracted from the measured losses. 

6.8.3 Power Consumption of Auxiliaries — The power consumption shall be 
measured, including that of any control apparatus. When they have 
already passed the tests and certificates are available, only the insulation 
test need be repeated. For auxiliaries connected to the cell side, the 
voltages according to IS : 3895-1966*, shall be applied. Auxiliaries con- 
nected to the line side shall be tested in accordance with the appropriate 
Indian Standard. 

6.8.4 Equipment Reactance 

6.8.4.1 Equipment reactance is the sum of the commutating reactance 
of the transformers and reactors, if any, determined in accordance 
with 5.4.1, plus the commutating reactance of the rectifier assembly. In 
certain cases, by agreement between the manufacturer and the purchaser, 
the commutating reactance of the connections between transformer and 
rectifier assembly shall also be included. 

6.8.5 Transformers \ Phase Shifters, Regulating Equipment, Transductors, 
Saturable and Non-Saturable Reactors 

6.8.5.1 These shall be tested in accordance with 5. When they have 
already passed the tests, the tests need not be repeated. If for any reason, 
it is desirable to repeat the insulation test, the test voltage may be reduced 
to 75 percent of the voltage used in the component test. 

6.8.6 Connection Checking 

6.8.6.1 Tests shall be made to verify that the rectifier assembly is 
correctly connected. 

They shall comprise: 

a) An open-circuit test, and at the manufacturer's choice either: 

b) A short-circuit test, or 

c) A full power test, 



♦Specification for monocrystalline semiconductor rectifier cells and stacks. 
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i) For the open circuit test (a), the rectifier assembly shall be supplied 
with ac at a voltage equal to 110 percent of the rated input 
voltage and the input current and dc voltage shall be measured. 

ii) For the short-circuit test (b), the output terminals shall be short- 
circuited and an ac voltage of sufficient value to cause rated 
current to flow shall be connected to the input terminals of the 
rectifier assembly* 

-iii) For the full-power test (c), the rectifier assembly shall be supplied 
at rated ac voltage and loaded at rated current. 

6.8.7 Measurement of Voltage Regulation 

6.8.7.1 The dc voltage-current characteristics shall be plotted for 
rated character of the load or a circuit which is shown to give the same 
characteristics. 

When conducted as a routine test, such points on dc voltage current 
characteristic shall be checked which show that the declared values on 
voltage regulation are fulfilled. 

6*8.8 Automatic Voltage Regulator Operation — The operation of the 
automatic voltage regulator or other compensating means shall be checked 
by varying each one of the quantities ( except as regards frequency ), the 
influence of which shall be eliminated while the others are kept constant. 
Frequency variations test, if required, may be mutually agreed upon 
between the purchaser and the supplier. 

This is preferably done by plotting one dc voltage-current character- 
istic for each of the maximum, normal and minimum value of the variable 
quantities. 

6.8.9 Efficiency Measurement — Tests shall be carried out to prove conform- 
ity with 6.3.1 • 

6.8.10 Measurement of Power-Factor — Tests shall be carried out to prove 
conformity with 6.3.2. 

For three-phase rectifier equipment up to 20 kW with no current in 
the neutral, the conventional two-wattmeter method is used, where cos <f> is 
calculated from the ratio of the wattmeter readings. 

For three-phase rectifier equipment with current in the neutral, the 
total power-factor is measured by the conventional three-wattmeter method. 

for single-phase rectifier equipment, total power-factor is measured as 
the ratio of input active power to input apparent power. 

38 



IS: 4540- 1968 

6.8*11 Temperature Rise — Tests shall be carried out according to 5.8 of 
IS: 3895-1966*, and 5.2- of this standard. The requirements of 6.2 shall 
be fulfilled for the transformer temperatures. The cell temperature shall 
not exceed rated values. 

6.8.12 Insulation Test — It shall be carried out according to 5.5 of 
IS : 3895-1966*, and 5.4.4 of this standard. 

6.8.13 Inspection — The equipment shall be subjected to a general inspec- 
tion for the quality of workmanship and finish. 

6.8.14 Auxiliary Devices — The functions of auxiliary devices, such as 
contactors, relays and pumps, shall be checked. 

6.8.15 Alternating Current Measurement — The alternating line side current 
in all phases at rated load and at no-load shall be measured and checked. 



APPENDIX A 

(Clause 4.1 ) 

SERVICE AND INSTALLATION CONDITIONS 

A-l. NORMAL 

A-l.l Ambient air temperatures: 

a) Maximum ambient air temperature 45°C 

b) Maximum daily average ambient air temperature 35°C 

c) Maximum yearly average ambient air temperature 30°C 

A-l .2 Altitude — Not exceeding 1 000 m above mean sea level. 

A-2. UNUSUAL 

A-2.1 Unusual mechanical stresses, for example, shocks and vibrations. 
A-2.2 Cooling water which may cause corrosion or obstruction, for example, 
sea water or hard water. 

A-2 .3 Foreign particles in the ambient air, for example, abnormal dirt or 
dust. 

A-2.4 Salt air ( for example, proximity to the sea )., high humidity, dripp- 
ing water or noxious gases, for example, mercury vapour ( particularly 
dangerous), chlorine, sulphurous vapours, etc. 
A-2 .5 Exposure to steam or oil vapour. 
A-2 .6 Exposure to explosive mixture of dust or gases. 
A-2 .7 Fluid containing radio active particles. 

* Specification for monocrystalline semiconductor rectifier cells and stacks. 
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A-2.8 Ambient * temperature, if different from those specified in this 
standard. 

A-2.9 High values of relative humidity and temperature. 

A-2.10 Considerable and rapid fluctuations of temperature and humidity. 

A-2.11 Altitude of more than 1 000 m above mean sea level. 

A-2.12 Superimposed high-frequency voltages. 

A-2.13 Frequencies different from 50 c/s. 

A-2.14 Unusual conditions not covered by A-2.1 to A-2.13 shall also be 
subject to special agreement betveen the purchaser and the manufacturer. 



APPENDIX B 

( Clause 5.2 ) 

CORRECTIONS TO BE APPLIED WHEN COOLING MEDIUM 
TEMPERATURE IS HIGHER THAN STANDARD VALUES 

B-l. This appendix applies when the specified temperature of the cooling 
medium exceeds the standard values given in 5.2 by not more than 15°C. 

The temperature-rise limits shall be reduced by the amounts given 
in Table 4. 

TABLE 4 REDUCTION OF LIMITS OF TEMPERATURE-RISE FOR COOLING 
MEDIUM TEMPERATURE HIGHER THAN STANDARD 

Transformers and Series Reactors Rating Classes of Clause 6.2 



A C E F G 

B D 

(1) (2) (3) (4) (5) (6) 

Natural air cooled and cooling by forced ventilation: 

Deduction from limit given in 6.2 per deg C excess 10 0*7 0*6 0*5 1*0 

in peak cooling air temperature ( insulation class 
A or B ) 

Fluid-to-air cooling: 

Deduction from limit given in 6.2 per deg C excess 1*0 0*8 0*8 0*8 1*0 

in peak annual average, or daily average cooling 
air temperature, whichever excess is greater 
( insulation class A ) 

Fluid-to-water cooling: 

Deduction from limit given in 6.2 per deg C excess l'O 0*8 0*8 0*8 1*0 

in peak annual average, or daily average cooling 

water temperature, whichever excess is greater 

( insulation class A ) 
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